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Abstract. Drinking groundwater containing naturally occurring elevated concentrations of fluo-
ride has given rise to extensive dental and skeletal fluorosis affecting many millions of people in
China. This paper describes three sets of indicators useful for environmental and human fluorosis
management purposes, namely, descriptive indicators (the past), response indicators (the present)
and performance indicators (the future). Each of the sets of indicators was further detailed follow-
ing the Organisation for Economic Co-operation and Development (OECD) pressure-state-response
model modified to include an impact parameter. But as managers need more aggregated information
to summarise monitoring data, two indices were constructed from identified indicators, namely, a
four component (indicators) ‘health impact index’, and a three component (indicators) ‘manage-
ment capability index’. Data from 14 provinces and autonomous regions were used to illustrate
the application of the two indices. Results showed major differences in the values for the indices
for management actions and human health outcomes at the provincial level. Provinces with a low
management capability index, for example, Inner Mongolia, had a high health impact index, while
provinces with a high management capability index, for example, Shandong had a low health impact
index. It was concluded that a greater emphasis should be given in China, not just to monitoring
fluorosis occurrence, but to the development of indicators and indices that empower decision-makers
to initiate strategies to more effectively manage this major endemic disease.
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1. Introduction
Endemic fluorosis is manifested either, as dental fluorosis with the appearance
of yellowish to brownish striations and/or mottling of teeth, or skeletal fluorosis
where osteosclerosis, ligamentous and tendinous calcification and extreme bone
deformity result (WHO, 1984). This naturally occurring disease is global in scope,
occurring on all continents and affecting many millions of people (UNEP and
WHO, 1992). In China, fluorosis occurs in all provinces, autonomous regions and
municipalities except Shanghai as shown on detailed maps (Tan Jian’an, 1989).
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By the end of 1997, there were approximately 110 million people living in the
disease areas, 45 million people with dental fluorosis and 2.6 million with skeletal
fluorosis (calculated from MOH, 1998). The occurrence of dental fluorosis at the
commune level can approach 100% while in extreme situations such as Tibet (Xi
Zang) skeletal fluorosis can reach 77% (Li Jiuru, 1990). According to the sources
of fluoride, there are three main types of endemic fluorosis in China: high fluoride
water, pollution from coal burning, and drinking brick tea containing high fluoride
concentrations. The first two types are most prevalent (Wang and Huang, 1995).
Since the 1960s, nationwide administrative organizations and institutions at all
levels have been set up to monitor fluorosis and to implement initiatives to help
control this disease. But the exposed population and the local decision-makers
are often not aware of its harmful effects, so few management actions have been
undertaken in some provinces (Sun Yufu et al., 1996). Information in a useful
and simplified format is, therefore, needed to increase the awareness of decision-
makers and individuals (UN, 1993). Also, local government managers need reliable
data and information to be able to evaluate their performance following adoption
of control actions, and to be able to report the disease’s status and trends. Although
extensive monitoring data on fluoride in the environment and fluorosis conditions
in the disease areas have been collected over the last decades, it has been difficult to
use the data for policy making. Indicators, that provide a means of giving the data
added value by converting it into information of use for decision-makers (Corvalán
et al., 1996), could meet this need.
This paper proposes a variety of different indicators that could be used to effec-
tively report and thus lead to the management of drinking water-type fluorosis in
China. We also report the development of two indices of fluorosis, a health impact
index and a management index, that we use to evaluate control actions undertaken
at 14 provinces and autonomous regions in China. This paper is a companion to our
earlier publication outlining indicators for endemic arsenism in China (Peterson
et al., 2001).
2. Indicator methodology and index development
2.1. INDICATOR METHODOLOGIES
Indicators can be classified by use (e.g. early warning), by theme/compartment
(water, air, etc.), or by causality chain (pressure, state, response) (Peterson, 1997a).
The pressure-state-response (PSR) causality chain indicator framework proposed
by the Organisation for Economic Co-operation and Development (OECD, 1994)
is the best known approach. It is widely accepted nationally and internationally
because it is policy relevant. Indicators as a group, reduce reporting burdens by
simplifying and clarifying information for decision-makers. They help transform
data into useful information and draw attention to trends and thus promote national
action. The PSR framework is intended to highlight links and to help identify
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effective policies and actions to control and/or prevent human health impacts. The
pressures describe the human activities that can induce changes in the state of en-
vironmental or human health condition, while society responds to changes in pres-
sure or state with policies to prevent or mitigate the pressures. Consequently, there
are pressure indicators that provide information on the causes of the problems, state
indicators that provide basic information about the human activities that affect the
environment or human health, and response indicators that provide information
on efforts aimed at addressing the problem (Peterson, 1997a, b). The PSR model
has also been refined to include impact (I), which can be seen as consequences of
the changes in the state of environment (Granados and Peterson, 1999). These four
indicator types are therefore adopted as the model for the development of indicators
of fluorosis.
Three sets of conceptual indicators are also proposed, namely, descriptive indi-
cators (that describe the past fluorosis situation), responsive indicators (that de-
scribe present actions being taken to manage fluorosis) and performance indicators
(that describe future outcomes of long-term policy actions). Performance indicators
are most useful for policy-makers for they focus on an agreed target. They are
action-oriented whereas descriptive indicators describe the static situation. Each of
the three sets of conceptual indicators is presented within the four PSIR component
framework mentioned above.
Other causal chain models, such as the European Environment Agency’s (EEA)
driving force-pressure-state-impact-response (DFPSIR) model (EEA, 1998) and
the World Health Organization’s (WHO) driving force-pressure-state-exposure-
effect-action (DPSEEA) model (Corvalán et al., 1996), for detailed linking of en-
vironment and health, are variants of the PSR model. These more complex models
are not discussed in this paper.
2.2. INDEX DEVELOPMENT
Indicators do not necessarily provide complete detailed information on all of the
issues involved in the control of endemic fluorosis. Rather, they represent a sum-
mary of information in a format understandable to the public and managers. But
decision-makers often require more comprehensive aggregate information, such as
can be provided following the construction of an index that combines two or more
variables into one value. Indices therefore represent highly aggregated indicators
that can be used to provide policy-makers with a general simplified picture of
trends. Indices can also be developed at different levels of detail and spatial scales.
They can be used to compare different geographical areas, as presented in this
paper, not just as totals and averages.
There are essentially two different ways for evaluating the fluorosis issue, a
health outcome-based approach, or a management-based approach. These are ‘after-
the-fact’ assessments. Consequently we have constructed both a ‘health impact in-
dex’ and a ‘management capabilities index’ using several indicators, as mentioned
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in Section 2.1. Both indices differ from the estimation of risk derived from a typ-
ical cause and effect epidemiological study. Rather, we have developed indices as
policy formation tools to help identify effective policies and report the results of
management actions within different geographical areas.
2.2.1. Health impact index
A health impact index of fluorosis can alert the decision-makers to the situation
of the disease. The proposed index is derived from four quantitative components
(indicators) of fluorosis that are added together without weighting, namely: the
exposed population, fluoride concentration in urine as a measure of the dose, and
the occurrences of dental fluorosis and of skeletal fluorosis (Table I).
The exposed population was calculated as the percent of the population in
disease villages compared with the total population in each province. Both the
population in disease villages and the total population are census data from the
Ministry of Health (MOH, 1998) and from the National Statistics Bureau (NSB,
1999). As these data are official, we are not able to estimate the magnitude of any
reporting bias that could, in theory, introduce an error into the construction of this
term in the index.
Traditionally, fluorosis is considered to arise from drinking high-fluoride sur-
face, shallow- and deep-well waters. When the fluoride concentration in drinking
water increased to approximately 0.8–1 mg L−1, dental fluorosis increased rapidly
(Dai Guojun et al., 1988). When fluoride in drinking water increased to approx-
imately 2 mg L−1 almost 100% of the exposed people developed dental fluorosis.
When water fluoride increased to approximately 4 mg L−1, skeletal fluorosis in-
creased rapidly while crippling skeletal fluorosis developed where drinking water
contained fluoride at >10 mg L−1. The Chinese drinking-water guideline value is
1 mg L−1 (Sun Yufu et al., 1996) which can be compared with the World Health
Organization’s (WHO) guideline value of 1.5 mg L−1 that is especially relevant for
TABLE I
Component indicators and scoring methods for the ‘health impact index’ of fluorosis
Component indicators Scores
1 2 3 4
Disease village <5% 5–12% 12–19% >19%
population/total
Occurrence of <30% 30–55% 55–80% >80%
dental fluorosis
Occurrence of <11% 11–27% 27–38% >38%
skeletal fluorosis
Average urinary <1.5 mg L−1 1.5–2.5 mg L−1 2.5–4.0 mg L−1 >4.0 mg L−1
fluoride
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temperate countries (WHO, 1996). In the setting of national standards it is impor-
tant to consider climatic conditions, water intake and the intake of fluoride from
other sources. The guideline value adopted in China has been recently discussed
(Chen Bingheng and Qu Weidong, 2000).
The principal route of fluoride excretion is via urine, so urinary fluoride has also
been used to estimate dose (WHO, 1984). Dai Guojun et al. (1988) found a linear
relationship between fluoride in drinking water in China and fluoride in urine, that
is,
y = 0.6639 + 0.8704 x,
where y is the fluoride concentration in urine and x is fluoride concentration in
drinking water.
Using this linear model, when the fluoride concentration in water was 1, 2.0
and 4.0 mg L−1, the urinary fluoride was approximately 1.5, 2.5, and 4.15 mg L−1,
respectively. So the urinary fluoride concentration bands constructed were <1.5,
1.5–2.5, 2.5–4, and >4 mg L−1 which were scored as 1, 2, 3, or 4 in the index.
Fluorosis occurrence is the main indicator of health impacts. Dental fluorosis in
children in deciduous and/or permanent teeth, reflects relatively short-term (several
years) fluoride exposure. Skeletal fluorosis is the result of long-term (15–20 years),
serious fluoride exposure of adults (Tan Jian’an, 1989). The percentage of the
population in disease villages recording dental and skeletal fluorosis occurrence
were scored based on their mean (M) and the standard deviation (SD). Values less
than M−SD were scored as 1 point; values between M−SD and M were scored
as 2 points, values between M and M+SD were scored as 3 points, and values
higher than M+SD were scored as 4 points (Table I).
Data for the construction of the health impact index were calculated from the
publication of Sun Yufu et al. (1996) based on results from the national fluorosis
monitoring stations in each province in 1991.
2.2.2. Management capabilities index
A three component management capability index was developed (Table II) de-
signed to reflect three management actions. These include: ‘% of new water
TABLE II
Component indicators and scoring methods for the ‘management capability index’ of fluorosis
Component indicators Scores
1 2 3 4
New water system (%) <15% 15–45% 45–75% >75%
Water supply (%) with fluoride < 1 mg L−1 <35% 35–65% 65–95% >95%
Years of ‘new’ water supply <2 2–5 5–7 >7
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supply systems’, ‘% with supply <1 mg fluoride/L’ and ‘years of new water sup-
ply’. The new water supply systems were provided either from new water re-
sources containing less fluoride, or involved treating traditional water supplies
with de-fluoridation techniques to co-precipitate the fluoride. These data were used
to calculate % of new water supply systems. Because of the limitations of local
conditions, not every new water supply system could achieve the national fluo-
ride guideline. Consequently the % of wells or water supply systems with <1 mg
fluoride/L was used as a further component of the index. Years of supply, of ‘new’
low-fluoride water, was the third component.
Data for the three components of the index were calculated from the publication
of Sun Yufu et al. (1996) based on provincial results for 1991.
3. Results
Three conceptual indicator sets following the PSIR approach have been proposed
for monitoring and evaluating drinking water-type fluorosis in Section 3.1. We
consider that they are policy-relevant, analytically sound and communicate essen-
tial information to the policy-makers. Section 3.2 describes the development and
application of two indices to reflect health impacts and management actions in 14
provinces and autonomous regions in China.
3.1. CONCEPTUAL INDICATORS
3.1.1. Descriptive indicators approach
Descriptive indicators of endemic fluorosis should report the situation of fluorosis
at state and provincial levels in China based on data for earlier years and in-
clude the main exposure pathways. Table III illustrates a variety of such indica-
tors for drinking water-type endemic fluorosis following the PSIR framework.
Because drinking water-type endemic fluorosis is a ‘natural’ geochemical-related
hazard, human activities, including the need for drinking water, are a driving force
for pressure indicators. State indicators describe the situation of fluoride in the
environment, while impact indicators describe the health effects of fluoride as
either dental fluorosis and/or skeletal fluorosis. Indicators for a response include
the public/government awareness of the hazard, and their actions to address the
disease.
Much quantitative monitoring data are available to construct and use such de-
scriptive indicators to report on fluorosis in all provinces of China.
3.1.2. Response indicators approach
Response indicators for fluorosis describe the actions being taken to improve drink-
ing water quality (Table IV). Pressure indicators describe the increasing trend of
population growth in disease areas and hence the increasing demand for drinking
water. State indicators describe how many wells still occur with high fluoride
concentrations, while impact indicators diagnose the effects of such monitoring
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TABLE III
Descriptive indicators of endemic fluorosis in China following the PSIR model
Pressure State
Total population Number of disease counties
Total counties Number of disease villages
Population in disease counties Number of patients
Population in disease villages Fluoride concentration in drinking water
Drinking water demand Total fluoride exposure
Response Impact
Community awareness Fluoride concentration in urine (µg ml−1)
Number of monitoring stations at: Fluorosis occurrence (%)
national, provincial and county level Dental fluorosis (%)
Number of people surveyed Skeletal fluorosis (%)
Supplementary health expenditure ($US)
Water treatment expenditure ($US)
Fluorosis scientific expenditure ($US)
TABLE IV
Response indicators for endemic fluorosis in China following the PSIR model
Pressure State
Population increase (%) Fluoride-contaminated wells (%)
Water demand increase (%) People drinking fluoride-rich water (%)
Response Impact
Investment in de-fluoridation ($) New fluorosis occurrence (%) or
Low-fluoride wells in villages (no. and %) The rate of decrease of fluorosis (%)
People drinking ‘safe’ water (no. and %) Rate of decrease of urinary fluoride (%)
Cost-recovery for de-fluoridation ($) Working days lost by illness
New legislation & guidelines (no.) Years of potential life lost
data. Response indicators detail the establishment of effective policies and actions
including new water management guidelines and legislative responses by decision-
makers.
Some quantitative monitoring data are available at provincial levels in China to
construct these indictors but economic and health data are less available.
3.1.3. Performance indicators approach
Performance indicators of fluorosis report the outcome of the ongoing and long-
term policy actions on the disease (Table V). Pressure indicators will not only
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TABLE V
Performance indicators for endemic fluorosis in China following the PSIR model
Pressure State
Intensity of water-use Non-attainment of guidelines (%)
Rural poverty Years of ‘fluoride-free’ drinking water
Fluoride exposure < guideline value (%)
Response Impact
Counties controlling fluorosis (no. and %) Reduced reliance on untreated water (%)
Reduced life-time risk (year) Disease occurrence reduced to target rate
Saved health-care costs ($) Urinary fluoride reduced to target rate
Reduced liability of rural officials ($) The value of increased life gained ($)
TABLE VI
Indicators of fluorosis in different provinces of China used for the construction of the health impact
indices
Province Population Urinary Dental Skeletal
exposed (%)a fluoride (mg L−1)b occurrence (%) occurrence (%)
Tianjin (TJ) 27.41 2.15 56.5 35.2
Shanxi (SX) 16.06 3.23 70.2 33.1
Shandong (SD) 9.47 0.87 30.9 27.3
Ningxia (NX) 11.94 2.92 75.1 13.1
Neimenggu (NM) 24.51 2.05 88.2 67.2
Liaoning (LN) 4.44 1.5 12.2 4.7
Jilin (JL) 6.84 3.16 51.3 22.9
Jiangsu (JS) 6.81 4.28 78.8 38.6
Henan (HN) 16.39 1.48 77.4 32.8
Heilongjiang (HL) 8.16 3.24 63.3 26.5
Hebei (HB) 13.58 1.08 40.2 15.9
Guangdong (GD) 0.92 3.02 12.2 35.5
Gansu (GS) 14.27 3.66 72.9 7.5
Anhui (AH) 11.90 3.75 31.8 16.5
Mean (SD) 12.3 (7.3) 54.4 (25.1) 26.9 (15.3)
a Percent of population was calculated using the population numbers in disease villages (MOH, 1998)
divided by the total population in the province (NSB, 1999).
b Urinary fluoride concentration, dental fluorosis occurrence and skeletal fluorosis occurrence were
the mean of the national monitoring stations in the different provinces in 1991. The data for Shanxi
Province is 1992 (Sun Yufu et al., 1996).
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include the intensity of water-use, but also include rural poverty as the development
of fluorosis is influenced by low nutritional status (WHO, 1984). State indicators
focus on the extent to which policies are being met, for example, householders
drinking water that complies with the national guideline value, 1.0 mg L−1, and the
length of time (years) of their compliance. Impact indicators describe the disease
occurrence rate compared with state targets, while response indicators describe the
outcome of management decisions to control the disease, for example, the reduced
life-time health risk.
Chinese data, needed to develop performance indicators that are action-oriented,
are sparse, especially economic data as related to human health protection.
3.2. INDICES
3.2.1. The health impact index of fluorosis
Table VI lists the four parameters (indicators) that were used to construct the hu-
man health impact index for each of the 14 provinces and autonomous regions in
Figure 1. Health impact indices of fluorosis in difference provinces of China.
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China where reliable data have been collected. As there were four indicators, with
scores from 1 to 4, the total health index score would total 16. Figure 1 illustrates
the wide variation in the index values within provinces and autonomous regions.
Several of the provinces and autonomous regions have a high index, for example,
inner Mongolia (Neimenggu, NM) and Jiangsu (JS) meaning that the health of the
population is seriously impacted by exposure to drinking water-type fluorosis.
3.2.2. The fluorosis management capability index
The three component indicators (parameters) for the management capability in-
dex are shown in Table VII. As each of the indicators can score up to 4, the
total index for effective management would be 12. Figure 2 illustrates the wide
variety of values for the indices of the 14 provinces and autonomous regions. Sev-
eral provinces have low indices, that is, weak management response to fluorosis,
including inner Mongolia (NM), Jiangsu (JS) and Anhui (AH).
3.2.3. Provincial differences as indicated by the two indices
Instead of just aggregating data with the construction of the two indices, the data
for the geographical areas can be readily vizualized following simple graphical
approaches. A comparative examination of the health impact index (Figure 1) and
TABLE VII
Indicators in different provinces in China used for the construction of the management capability
indices
Province New water supply New water supply Years of new
systems (%) system with <1 mg L−1 fluoride (%) water supply
Tianjin (TJ) 36.1 67.74 <1
Shanxi (SX) 15 40.2 3
Shandong (SD) 100 85 5
Ningxia (NX) 30.4 95 4
Neimenggu (NM) 34.9 39.39 4
Liaoning (LN) 35 100 5
Jilin (JL) 64.7 90.72 8
Jiangsu (JS) 14.4 75.86 <1
Henan (HN) 59.8 100 4
Heilongjiang (HL) 42.5 30.38 10
Hebei (HB) 100 81.54 9
Guangdong (GD) 86 93.33 8
Gansu (GS) 25.2 41.18 5
Anhui (AH) 0.34 0 <1
Mean (SD) 46.0 (31.7) 67.1 (31.4) 4.8 (3.1)
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Figure 2. Management capability indices of fluorosis in different provinces of China.
the management capability index (Figure 2) for the provinces and autonomous
regions shows that some have:
• low management capability (score < 6) and a high health index, such as inner
Mongolia (NM), Jiangsu (JS), Anhui (AH), Shanxi (SX) and Gansu (GS),
while others have a
• high management capability (score  10) and consequently a low health im-
pact index, namely, Shandong (SD), Hebei (HB), Jilin (JL) and Guangdong
(GD).
The two indices, in graphical format, show the actual fluorosis situation in each
of the Provinces. They can readily be used to establish priorities for management
actions within specific provinces leading to remediation of fluorosis throughout the
nation.
4. Conclusion and discussion
Data available in the Chinese literature on endemic fluorosis have been described
within the framework of either descriptive indicators or, response indicators.
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However, as the amount of monitoring data is very extensive and of variable qual-
ity, relevant data will have to be identified, verified and indicators developed in the
future when further funding is available.
Less data are available for the development of a set of performance indicators
that especially report the extent to which fluorosis management strategies are being
implemented leading to improved human health. Of particular relevance is the lack
of data on health care costs associated with the 2.6 million people suffering from
skeletal fluorosis. Lack of health costs includes direct costs of disease treatment
and indirect costs from the loss of worker productivity. Consequently, useful per-
formance indicators that would include ‘value of increased life gained’, ‘health
care costs saved’, etc. will require detailed data collection. There is thus a clear
need to develop useful and effective national response indicators so that proposed
management actions can be based on sound economic principles. However, indi-
cators must be reported and interpreted in the appropriate context by taking into
account socio-economic and structural features of the country (OECD, 1998).
This set of performance indicators would be most useful for they would help
decision-makers record goal-attainment when addressing fluorosis management
and thus enable managers to determine ‘distance to goal’ for planning purposes. In
other words they are key in establishing the extent to which policies are being met.
The required data will need to be of the aggregate type, often referred to as ‘ecolog-
ical data’ involving groups of people as the basic sampling unit of analysis. The
proposed indicators would enable time-trends to be established and multi-group
studies (exposure-disease correlation) to be undertaken (Nurminen, 1997).
Elements of the monitoring data so necessary for the construction of indicators
are also required for the construction of the indices. Indices that aggregate data are
particularly useful for measuring management performance as is illustrated in this
paper. The fluorosis management capabilities index showed a good inverse rela-
tionship with the health impact index illustrating the usefulness of this approach.
Both the indices meet the two criteria for linking environment and health data
proposed by Nurminen and Nurminen (1997). Namely, the data must be simple
and operable with available data, and they must produce scientifically credible
results. In the construction of both of the indices, the same weighting was applied
to each of the component indicators so that they would be simple to develop and the
data readily comparable. Aggregate data within provinces have been used through-
out the current study, illustrating the major conclusions of endemic fluorosis in
China.
The health impacts of exposure to fluoride are a reflection not only of the
fluoride concentration but also the length of exposure (WHO, 1984; UNEP and
WHO, 1992). Data for population/age structures of the exposed groups in each
province were not readily available to link with the occurrence of fluorosis. We
therefore introduced a time element of exposure into the management index where
the number of years of supply of water of a particular quality was known in order to
correct this problem. Sun Yufu et al. (1996) have also collected data from the five
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provinces and autonomous regions that have low management capabilities indices
but over a five year period from 1991 to 1995. An evaluation of the index using this
time-trend data shows that the conclusions remain the same. This is not surprising
as the basic data for two of the variables did not vary between 1991 and 1995. The
only variable was that of ‘years of new water supply’ which increased year-by-year
compared with the base-year. Scoring intervals in the index for this variable would
of course have to be changed in the index year-by-year to distinguish between those
provinces that recently introduced water quality management compared with those
that introduced action over 10 years ago.
Sun Yufu et al. (1996) also reported on the occurrence of both dental and
skeletal fluorosis occurrences during the five year period (1991–1995) as indicators
of the disease. Examining skeletal fluorosis data for four of the five provinces (data
for GS were not available) showed that the occurrence of the disease remained the
same or increased slightly, while dental fluorosis remained the same or decreased
slightly. How significant these changes were was not clear. Sun Yufu et al. (1996)
did not develop indices for drinking water-type fluorosis. In a more recent paper
Sun Yufu et al. (1999) reported traditional environmental and health indicators
for both drinking water-type fluorosis and coal burning-type fluorosis, while Wu
Deliang et al. (1999) reported similar indicators for coal burning-type fluorosis.
But again no indices were reported, few data were published, and the indicators
reported were of the descriptive type.
The health impact index reported in our paper could be refined to include a
term for the degree of severity of dental fluorosis for each person in each province
following either, the traditional 0–4 severity scale advanced by Dean (1942), or, the
more extended 0–9 scale advocated by Thylstrup and Ferjerskov (1978). However,
such data are not readily available province by province and in any event the degree
of severity is related to the concentration of fluoride in the drinking water (as the
major component of the dose) which is one of the terms in our index. Similarly,
the index term for skeletal fluorosis could also be modified to take disease severity
into account based on, for example, radiological evaluations.
Relevant data may be available for refinement of dental fluorosis evaluation at
the local/commune level where both its prevalence and degree have been monitored
using the community index of dental fluorosis (Fci) developed also by Dean (1942).
It represents the average severity of scores assigned to individuals, that is,
Fci =
∑
frequency × statistical weight
number of individuals
.
The community index could then be included as a further term for a modified dental
fluorosis index.
In conclusion, indicators and indices developed in this paper provide a system-
atic approach for converting data concerned with the management of fluorosis into
policy-relevant information. The positive inverse relationship between the health
impact index and the management capability index shows that the severity of the
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disease could be readily reduced by additional management actions by the local and
provincial governments. Indicator or index approaches illustrate the usefulness of
this approach for management of fluorosis in China.
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